The calcium in ammonia-base spent sulfite liquor, unlike that in calcium-base spent liquor, is not available for growth of Sphaerotilus natans. It has not been possible to obtain a mixed slime with Sphaerotilus as the dominant organism in a continuous-flow apparatus fed spent sulfite liquor.
The discharge of spent sulfite liquor (SSL), the waste water produced during cellulose manufacture, into water courses often results in massive slime infestations of Sphaerotilus natans. Though a considerable amount of work has been done on the stimulation of Sphaerotilus in mixed populations, the most notable probably being that of Amberg and Cormack (1), very little (6) is known about the nutritional adequacy of SSL for growth of pure cultures of S. natans. Our observations (Bacteriol. Proc., p. 48, 1967) on the calcium requirement of S. natans prompted us to compare the growth-promoting activities of calcium (SSL-Ca) and ammonia (SSL-NH4) base liquors (i.e., liquors derived from processes using the bisulfites of calcium and ammonia, respectively, in the chemical digestion of the wood).
MATERIALS AND METHODS
The SSL used in these investigations were products of Crown Zellerbach Corp., Camas, Wash. Prior to use, they were adjusted to pH 7.2 with KOH. Some characteristics of the two liquors are given in Table 1 The design and operation of the continuous-flow system have been described (3) . Essentially, the system consists of 12 "chemostats." However, it is important to emphasize that we are not dealing with "continuous culture" in the usual sense of the word, nor are we dealing with "steady-state" cultures. In our experiments, most of the growth occurs attached to the culture vessel, and probably we would not be able to achieve a steady state of bacterial growth. The medium (150 ml) contained in the culture vessels of the continuous-flow apparatus was inoculated with 10 ml of a 24-to 48-hr culture of S. natans growing in 5% CGY broth [5 ml of CGY broth (5) diluted to 100 ml with water], unless stated otherwise, and growth was allowed to proceed batchwise for 24 hr. Medium flow through the culture was then started at a flow rate of 180 ml/hr. All experiments were done at 20 C, and the rate of air flow through the medium was 400 ml/min.
The attached growth was harvested and estimated as described previously (3, 5) .
As used in this paper, the word slime refers to attached microbial growth.
REsuLTs
The effect of SSL on the ability of 1% CGY broth to support attached growth of S. natans in the continuous-flow apparatus is shown in Tables 2 and 3 Attempts to grow S. natans in a medium containing no organic supplements were not successful (Tables 4 and 5 ). The growth yields were low even if one assumes that only 20% of spent sulfite solids are readily utilized by bacteria. The constituents of SSL were given by Vasseur (7). The results in Tables 4 and 5 also indicate that SSL are deficient in vitamin B12. The requirement for this vitamin by S. natans is known (5) .
Results of experiments to see whether S. natans could be preferentially encouraged to grow in the continuous-flow apparatus fed a medium containing SSL and inoculated with sewage or S. natans, or both, are recorded in Table 6 . In this experiment the amount of medium fed through each culture vessel was 18 liters, double that used in other experiments. DIAS, OKREND, AND DONDERO The latter deficiency is probably of minor significance in the natural habitat.
Our observation (Bacteriol. Proc., p. 48, 1967) on the calcium requirement for Spaerotilus growth would seem to indicate that this might also be a parameter that should be considered. The results presented in this paper indicate that, in a habitat deficient in calcium, a calcium-base liquor would be more likely to cause Sphaerotilus infestations than an ammonia-base liquor. The small amounts of calcium in ammonia-base liquor, which apparently originate from wood and occur in organic molecules, are not available to Sphaerotilus. However, in nature, organisms might be present which liberate the calcium and render it suitable for Sphaerotilus growth.
At the time of the writing of this paper, Baalsrud (2) published results which clearly indicate that the stimulation of Sphaerotilus by SSL is determined, to a large extent, by the quality of the receiving water. It is of interest to note that the water of the river Drams, which supported heavy Sphaerotilus growth, has a greater hardness than the water of the river Otra, which did not contain Sphaerotilus. However, the waters of the two rivers also differed in other respects.
